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Abstract. We present VLT spectroscopic observations with different spectral resolutions and different slit ori- 
entations of the two metal-deficient blue compact dwarf (BCD) galaxies Tol 1214-277 and Tol 65. The oxygen 
abundances in the brightest H ll regions of Tol 1214-277 and Tol 65 are found to be 12 -|- log O/H = 7.55 ± 0.01 
and 7.54 ± 0.01, or Zq/24**. The nitrogen-to-oxygen abundance ratios in the two galaxies are log N/0 — -1.64 
± 0.03 and -1.60 ± 0.02 and lie in the narrow range found for other most metal-deficient BCDs. The helium mass 
fraction derived in several H ll regions in both galaxies is consistent with a high primordial helium mass fraction, 
Yp ^ 0.244. We confirm the detection of the high-ionization forbidden emission line [Fe v] A4227 in the spectrum 
of Tol 1214-277. Additionally, weak [Ne iv] A4725, [Fe vi] A5146, A5177, and [Fe vil] A5721, A6087 emission lines 
are detected in the high-resolution spectrum of Tol 1214-277. The detection of these lines implies the presence of 
hard radiation with photon energy in the range ~ 4 - 8 Ryd. Emission lines are detected in the spectra of eight 
galaxies in the fields of Tol 1214-277 and Tol 65. Seven of these galaxies are background objects, while one galaxy 
has a redshift close to that of Tol 1214-277. Situated at a projected distance of ~ 14.5 kpc from Tol 1214-277, 
this galaxy is probably a companion of the BCD.*** 
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1. Introduction 

Detailed spectroscopic studies of extremely metal-poor lo- 
cal blue compact dwarf (BCD) galaxies based on observa- 
tions with large telescopes are useful to derive accurately 
their element abundances and shed light on the proper- 
ties and origin of these galaxies. BCDs may be considered 
local counterparts to high-redshift nearly primordial star- 
forming galaxies because of their low metallicity and ac- 
tive star formation. Spectroscopic studies of other galaxies 
in the field of BCDs are aimed at searching for compan- 
ion galaxies. Such a companion galaxy has been found, 
e.g. for the second most metal-deficient BCD known, SBS 
0335-052, at a projected distance of ^ 22 kpc (Pustilnik et 
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* Based on observations obtained at the European Southern 
Observatory, Paranal, Chile (ESO Programs 63.P-0003 and 
65.N-0642) 

** 12+log(O/H)0 = 8.92 (Anders & Grevesse IBS^ . 
*** Tables 2, 3, 4 and 8 are also available 
in electronic form at the CDS via anonymous 
ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via 
|http:/ /cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A-|-A/ 



al. UnnZI EOnil Llpovetsky et al. lB^ . The gravitational 
interaction between the galaxies in such pairs has been 
suggested as a triggering mechanism of star formation in 
BCDs (Pustilnik et aL lMiTl Noeske et al.EMj)- 

We focus here on two BCDs, Tol 1214-277 = Tol 21 
and Tol 65 = Tol 1223-359 = ESO 380 - G027. Using 
deep VLT imaging of these BCDs, Fricke et al. (|2001f) and 
Papaderos et al. (1999j have studied their morphological 
properties. In Tol 1214-277, a very bright and compact 
star-forming region (region 1 in the inset of Fig. ^ left 
panel) at the north-eastern edge of the galaxy is embed- 
ded in a relatively blue extended low-surface-brightness 
(LSB) component with some other fainter star-forming 
regions (Fricke et al. .2001|l . As for Tol 65, Papaderos et 
al. H1999|l have found several regions of star formation in 
the northern part (see inset in Fig. ^ right panel), also 
embedded in a relatively blue LSB component. The dis- 
tances to Tol 1214-277 and Tol 65 are respectively 103.9 
Mpc and 36.0 Mpc, using the observed radial velocities 
of 7795 km s^^ and 2698 km s~^ and assuming a Hubble 
constant iJo = 75 km s"^ Mpc^^ (Thuan & Izotov HW/jl . 
The presence of massive stars in these BCDs is indicated 
by strong nebular lines (Izotov et al. i2001a^l and, in the 
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Fig. 1. Tol 1214-277 (left panel) and Tol 65 (right panel) centered on the VLT FORS 1 6f8x6f8 field of view. The 
positions of the slits used for spectroscopic observations are shown by straight lines and are labeled #1 to #3 and 
#4 to #6, respectively. The insets display enlarged versions of the BCDs with the slits #1 and #6 overlayed on Tol 
1214-277 and Tol 65, respectively. The H ii regions 1 and 2 in Tol 1214-277 (left panel) and 1 to 4 in Tol 65 (right 
panel) are indicated. 



Table 1. Journal of observations. 



Field 


Date 


Slit # 


Spectral elements 


Spectral range 


Slit 


P.A. 


Exposure 


Airmass 


Seeing 


Tol 1214-277 


18.05.1999 


1 


G300V + GG 375 


3600-7400A 


1" 


39° 


2x660 s 


1.7 


0'.'69 




25.06.2000 


1 


G300V + GG 375 


3600-7400A 


1" 


39° 


2x900 s 


1.5 


1'.'12 




28.06.2000 


2 


G300V + GG 375 


3600-7400A 


1" 


73° 


2x900 s 


1.5 


1'.'04 




25.06.2000 


3 


G600B 


3600-5400A 


1" 


154° 


3x900 s 


1.1 


1'.'33 




25.06.2000 


3 


G600R + GG 435 


5300-7400A 


1" 


154° 


2x900 s 


1.2 


1'.'61 


Tol 65 


15.05.1999 


4 


G300V + GG 375 


3600-7400A 


1" 


135° 


2x420 s 


1.4 


0'.'34 




30.06.2000 


5 


G300V + GG 375 


3600-7400A 


1" 


51° 


2x900 s 


1.6 


O'.'SO 




30.06.2000 


6 


G600B 


3600-5400A 


1" 


129° 


3x900 s 


1.2 


0'.'96 




30.06.2000 


6 


G600R + GG 435 


5300-7400A 


1" 


129° 


2x900 s 


1.3 


I'.'OS 



case of Tol 1214-277, by a UV stellar N v A1240 line with 
a P Cygni profile (Thuan & Izotov [TMTji . 

The very low mctalhcity of Tol 1214-277 and Tol 65 
has been established by earlier spectroscopic work (Kunth 
& Sargent .1983. Campbell, Terlevich & Melnick 1986!, 
Pagel et al. 119921 Masegosa, Moles & Campos-Aguilar 
HM^ . Recently, Fricke et al. H2()()i;i and Izotov et al. 
H2(JUla|l using VLT and Keck spectroscopic observations 
have derived the oxygen abundance 12 + log 0/H = 
7.52 and 7.54 in Tol 1214-277, and Izotov et al. ijl^OOlal:) 
have found 12 + log 0/H = 7.54 in Tol 65. Hence these 
two galaxies are the most metal-deficient BCDs known in 
the Southern hemisphere, after SBS 0335-052 with 12 + 
log 0/H = 7.30 (Izotov et al. I1997b|l . We present here 
new VLT spectroscopic observations of these two BCDs 
to pursue two problems. The first one concerns the N/0 
abundance ratio. Pagel et al. H1992|l have measured the 



nitrogen-to-oxygen abundance ratio in Tol 65 to be log 
N/0 = -1.81 ± 0.15, significantly lower than the mean 
value log N/0 « -1.60 ± 0.02 obtained by Thuan et 
al. H1995|l and Izotov & Thuan (1999) for low-metallicity 
BCDs with 12 + log 0/H < 7.6. On the other hand, the 
N/0 abundance ratio in Tol 1214-277 is similar to that 
of other BCDs. Recently, Izotov et al. H2001a^) using low- 
resolution Keck spectra of Tol 1214-277 and Tol 65 have 
foimd log N/0 = -1.64 for both galaxies, more in line with 
other low-metallicity BCDs. To understand the origin of 
nitrogen in a low-metallicity environment (e.g., Meynet & 
Maeder'2 002|) . it is important to check these results with 
new high-quality spectroscopic data with better spectral 
resolution. 

The second problem concerns the nature of the hard 
radiation field in low-metallicity BCDs. Tol 1214-277 
shows the strongest He ii A4686 emission among all known 
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Fig. 2. Blue (a) and red (b) parts of the redshift-corrected high-resolution spectrum of the brightest H ii region (region 
1) in Tol 1214-277 obtained in 2000 with slit position #3. The emission lines are labeled. The lower spectra in (a) and 
(b) are the observed spectra downscaled by a factor of 100. 



star-forming emission-line galaxies. This suggests that the 
radiation field in the BCD is very hard, with a significant 
amount of the ionizing photons at A < 228A, equivalent to 
a photon energy > 4 Ryd. Fricke et al. I|2001|l have discov- 
ered the high-ionization [Fe v] A4227 emission line in the 
spectra of Tol 1214-277 and SBS 0335-052, further sup- 
porting the presence of hard radiation in the star-forming 
regions of low-metallicity BCDs. They have proposed that 
the main source of radiation at A < 228A are fast shocks. 
Later Izotov, Chaffee & Schaerer ()2001b|l confirmed the 
presence of the [Fe v] A4227 emission line in the spectrum 
of SBS 0335-052 and found some other high-ionization [Fe 
v] - [Fe vii] emission lines. The source of highly ionized 
iron is not yet well established and new high signal-to- 
noise spectroscopic observations are necessary to under- 
stand the main sources of high ionization. 

In the following, we investigate the spectral properties 
of Tol 1214-277 and Tol 65 with new deep VLT data. In 
Sect, m we describe the data, and in Sect. 13 we discuss the 
chemical abundances. High-ionization emission lines and 
the origin of hard radiation in Tol 1214-277 are discussed 



in Sect. 01 The properties of the emission- line galaxies in 
the fields of Tol 1214-277 and Tol 65 are discussed in Sect. 
El We summarize our results in Sect. O 

2. Observations and data reduction 

Spectroscopic data for Tol 1214-277 and Tol 65 with dif- 
ferent position angles (P. A.) were taken with VLT/FORS 
1 in service mode during two observing periods, on 15 

- 18 May, 1999 and 25 - 30 June, 2000 (Table [H). The 
positions of the slits are shown in Fig. ^ Low-resolution 
spectra were obtained with the G300V grism and the GG 
375 second-order blocking filter. This yields a spatial res- 
olution along the slit of 0'.'2 pixel"^, a scale perpendicular 
to the slit of ~ 2.6 A pixel"^, a spectral coverage of 3600 

- 7400 A, and a spectral resolution of - 10 A (FWHM). 
High-resolution spectra have been obtained separately for 
the blue and red parts with the grisms G600B and G600R 
respectively, giving a spatial resolution along the slit of 
0'.'2 pixel"^, a scale perpendicular to the slit of ~ 1.2 A 
pixel" ^, and a spectral resolution of ~ 5 A (FWHM). The 
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Fig. 3. Blue (a) and red (b) parts of the redshift-corrected high-resolution spectrum of regions 1 + 2 in Tol 65 obtained 
in 2000 with slit position #6. The emission lines are labeled. The lower spectra in (a) and (b) are the observed spectra 
downscaled by a factor of 100. 



spectra in the red parts were obtained with a GG 435 
second-order blocking filter. The spectral coverage was 
3600 - 5400 A in the blue and 5300 - 7400 A in the red. A 
1" X 400" slit was used for all observations. The airmass 
during the observations varied from 1.1 to 1.7. The posi- 
tions of the slits were chosen to go through all brightest H 
II regions in both BCDs and some suspected emission-line 
galaxies in the fields of Tol 1214-277 and Tol 65 (Fig. □ 
Table^l. With the total exposure times shown in Tabled 
the spectra have a signal-to-noise ratio S/N ^ 50 in the 
continuum of the brightest parts of the BCDs. They were 
broken up into two subexposures, to allow for cosmic-ray 
removal. A spectrum of a He-Ne-Ar comparison lamp was 
obtained for wavelength calibration. 

Data reduction was carried out using the IRAF^ soft- 
ware package. This included bias subtraction, cosmic-ray 
removal, flat-field correction, wavelength calibration and 
night-sky emission subtraction. Spectrophotometric stan- 



^ IRAF: the Image Reduction and Analysis Facility is dis- 
tributed by the National Optical Astronomy Observatory. 



dard stars were observed during the same nights with 2" 
wide slits. However, because of hardware problems of the 
spectrograph those spectra were shifted by ~ 300 pixels 
along the dispersion axis compared to object spectra, and 
were therefore unusable. The flux calibration was done 
using calibrated spectra of Tol 1214-277 and Tol 65 ob- 
tained previously by Izotov et al. H2001a|l with the Keck 
telescope. For this, we removed the emission lines and 
obtained the continuum distributions for both the flux- 
calibrated Keck and uncalibrated VLT spectra. The trans- 
formation curve to flux-calibrate the VLT spectra is then 
obtained by dividing one continuum by the other. 

3. Chemical abundances 

We derive the element abundances in the brightest H ii 
regions of Tol 1214-277 and Tol 65 using aU available 
data obtained during the two periods of observations. The 
seeing during the observations varied over a wide range, 
from 0'.'34 to 1'.'61 (FWHM). We were able to extract 
one-dimensional spectra of all four regions from the low- 
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Fig. 4. Blue (a) and red (b) parts of the redshift-corrected high-resolution spectrum of regions 3 + 4 in Tol 65 obtained 
in 2000 with slit position #6. The emission lines are labeled. The lower spectra in (a) and (b) are the observed spectra 
downscaled by a factor of 100. 
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Fig. 5. Redshift-corrected low-resolution spectra of regions 1 and 2 in Tol 1214-277 obtained in 1999 and 2000 with 
slit position #1. The lower spectra in (a) and (b) are the observed spectra downscaled by a factor of 100. 
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Fig. 6. Redshift-corrected low-resolution spectra of regions 1 - 4 in Tol 65 obtained in 1999 with slit position ^^4. The 
lower spectra are the observed spectra downscaled by a factor of 100. 



resolution long-slit spectrum of Tol 65, obtained on 15 
May 1999 (slit #4) with exceptionally good seeing (0'.'34 
FWHM). However, the seeing during the high-resolution 
spectroscopic observations of Tol 65 on 30 June, 2000 (slit 
#6) was not as good (I'.'OS FWHM), so that we were able 
to extract only one-dimensional spectra for the combined 
regions (1-1-2) and (3-1-4). The one-dimensional spectra 
from the low-resolution long-slit spectrum of Tol 65 were 
extracted within an aperture of 1" x 1". In all other cases, 
the spectra were extracted within an aperture of 2" x 1". 

The emission line fluxes were measured with the IRAF 
SPLOT routine using Gaussian profile fitting. The er- 
rors of the line fluxes are defined by the total photon 
counts in each line and are derived from the non-flux- 
calibrated spectra. They have been propagated in the cal- 
culations of the elemental abundance errors. Fluxes have 
been corrected for underlying stellar absorption (for hy- 
drogen lines) and interstellar extinction using the observed 
Balmer decrement, following the procedure described by 
Izotov et al. I) 19941 I1997a|l . This is done by minimiz- 
ing the deviations of the hydrogen emission line fluxes 
corrected for extinction and underlying absorption, from 
their theoretical values. All non-blended hydrogen emis- 
sion lines were used. The Whitford H1958|l reddening law 
was adopted. 

3.1. Emission-line fluxes 
3.1.1. High-resolution spectra 

The spectrum of the brightest region 1 of Tol 1214-277 was 
obtained with slit #3 (Fig.^, oriented roughly perpendic- 
ular to the major axis of the galaxy. It is shown in Fig. [21 
The spectrum is dominated by very strong emission lines, 
reflecting the ongoing star formation activity. Because of 
the high signal-to-noise ratio and the high spectral resolu- 
tion, several weak permitted and forbidden nebular emis- 
sion lines are present in the spectrum. The emission lines 



[O i] A6300 and [S iii] A6312, Ha A6563 and [N ii] A6583 
are well separated, allowing for a reliable determination of 
sulfur and nitrogen abundances. Remarkable spectral fea- 
tures are the nebular high- ionization He ii A4686, A5411 
and [Fc v] A4227 emission lines discussed by Fricke et al. 
(2001) and suggesting the presence of a very hard radia- 
tion with photon energies ^ 4 Ryd in the BCD. In addi- 
tion to these findings, we detect the [Ne iv] A4725 emission 
line and weak [Fe vi] A5146, A5177, [Fe vii] A5721, A6087 
emission lines. This makes Tol 1214-277 the second known 
BCD, after SBS 0335-052 (Izotov et al. 12001 bll . with de- 
tected [Fe vi] - [Fe vii] emission lines. 

The corrected fluxes /(A)//(H/3) and equivalent widths 
EW of emission lines together with the extinction coeffi- 
cient C(H/3), the absolute flux F(H/3) of the H/3 emission 
line and the equivalent width EW (ahs) of hydrogen ab- 
sorption lines for region 1 of Tol 1214-277 are listed in 
Table El 

The high resolution spectra of regions 1+2 and 3+4 in 
Tol 65 were obtained with slit #6 (Fig. ^ oriented along 
the chain of star-forming regions in the northern part of 
the galaxy and are shown, respectively, in Fig. and 01 
As for the spectrum of region 1 in Tol 1214-277, they are 
characterised by strong emission lines. However, the emis- 
sion lines of the high ionization ions, except for the He II 
A4686 emission line, are not present in the spectra of these 
regions implying milder ionizing radiation as compared to 
Tol 1214-277. The corrected fluxes /(A)//(H/3) and the 
equivalent widths EW of emission lines together with the 
extinction coefficient C(H/3), the absolute flux F(H/3) of 
the H/3 emission line and the equivalent width EW{ahs) 
of hydrogen absorption lines for regions 1+2 and 3+4 of 
Tol 65 are listed in Table [21 Note that the flux of the He ii 
A4686 emission line relative to H/3 is stronger in the more 
evolved starbursts of regions 3+4, with lower equivalent 
width of H/3, as compared to the younger bursts in regions 
1+2. 
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We derive a redshift z = 0.02603 ± 0.00008 for region 
1 in Tol Y2X^r-211 using the 44 brightest emission Hnes. As 
for Tol 65, redshifts z = 0.00974 ± 0.00010 for regions 1+2, 
using the 40 brightest lines, and z = 0.00966 ± 0.00010 of 
regions 3+4, using the 29 brightest lines, are obtained. 

3.1.2. Low-resolution spectra 

We show in Fig. O the low-resolution spectra of regions 
1 and 2 in Tol 1214-277 obtained during the two 1999 
and 2000 runs, with slit #1 (Fig. ^ oriented along the 
major axis of the galaxy. The corrected fluxes and equiv- 
alent widths of the emission lines are shown in Tabic |21 
As in the case of the high-resolution spectra, the high- 
ionization He li A4686, A5411 and [Fe v] A4227 emission 
lines were also detected in region 1. The low spectral res- 
olution precludes flux measurement of the [S ill] A6312 
emission line, blended with the [O i] A6300 emission line. 
Likewise, the [N ii] A6583 emission line is blended with 
Ha. The [N ii] A6583 fluxes in the spectra of region 1 were 
therefore measured by setting the continuum at the top 
of the wing of the Ha emission line. Region 2 is charac- 
terised by a blue spectrum, however only a few strongest 
emission lines with low equivalent widths are detected. 
The temperature-sensitive [O ill] A4363 emission line is 
not seen, precluding a reliable abundance determination. 

We show the four spectra of regions 1 to 4 in Tol 65 in 
Fig- El The corrected fluxes and equivalent widths of emis- 
sion lines are shown in Table 01 Note that the observed 
Ha/H/3 flux ratios in regions 3 and 4 are lower than the 
theoretical recombination value. This likely reflects un- 
certainties in the flux calibration of the Tol 65 spectrum. 
Therefore, for regions 3 and 4 we set the extinction co- 
efficient C(H/3) = 0. The high spatial resolution allows 
to identify more accurately the regions with He ii A4686 
emission. It is seen from Table 0] that the He ii A4686/H/3 
flux ratio is small in region 1 and much larger in region 4. 
No He II emission is detected in regions 2 and 3. Hence, 
the ionization radiation is the hardest in region 4. 

3.2. Heavy element abundances 

To derive element abundances, we adopted a two-zone 
photoionized H ii region model (Stasihska 119901 includ- 
ing a high- ionization zone with temperature Tc{0 ill), 
and a low- ionization zone with temperature To(0 ii). 
The electron temperature To(0 ill) is derived from the 
[O iii]A4363/(A4959+A5007) ratio using a five- level atom 
model. That temperature is used for the derivation of the 
He+, He+^, 0+^, Ne+^ and Ar+^ ionic abundances. ro(0 
ii) is obtained from Te(0 ill) using the relation given in 
Izotov et al. ()1994(l . based on a fit to the photoionization 
models of Stasihska (|1990|l . The temperature Tc{0 ii) is 
used to derive the O"*", N+, S"*" and Fe"*"^ ion abundances. 
For S+^, Cl+^ and Ar+^ we have adopted an electron tem- 
perature intermediate between Tc(0 ill) and To(0 ii) fol- 
lowing the prescriptions of Garnett l)1992|l . 



The oxygen abundance is derived as 



0+ 0+^ 0+3 
H ~ H+ H^ ^ 



where 

0+3 He+2 



H+ 



He+ 



0^ 



H^ 



(1) 



(2) 



Total abundances of other heavy elements were com- 
puted after correction for unseen stages of ionization, as 
described in Izotov et al. 1)1994(1 , Thuan et al. H1995|l and 
Guseva et al. ((2101 ■ 

3.2.1. High-resolution spectra 

The heavy element abundances obtained from the high- 
resolution spectra of region 1 in Tol 1214-277 (slit #3) 
and of regions 1+2 and 3+4 in Tol 65 (slit #6) are shown 
in Table El We also show in this Table the electron tem- 
peratures To(0 III), re(0 il), and re(S ill), the electron 
number density iVo(S ii) and iVe(He il), and the ionization 
correction factors IGF used for the abundance determina- 
tion. 

The oxygen abundances of Tol 1214-277 and Tol 65 
are very similar. They are in general agreement with those 
obtained in previous studies. 

The high spectral resolution allows us to determine 
the nitrogen abundance with great accuracy because the 
[N ii] A6583 emission line is not blended with Ha. The 
nitrogen-to-oxygen abundance ratios log N/0 — -1.60 - - 
1.64 obtained here agree well with those found by Izotov et 
al. ( 2001a), but differ significantly from the value obtained 
by Pagel et al. l|TM^ . For Tol 1214-277, Pagel et al. l|TM^ 
derived a higher value, log N/0 = -1.46 ± 0.06, while, for 
Tol 65, they found log N/0 = -1.81 ± 0.15, lower than the 
mean for the most metal-deficient BGDs (Izotov & Thuan 
11999(1 . Our new determination of the N/0 abundance ratio 
in these two BGDs supports the finding by Thuan et al. 
ifTMHI and Izotov & Thuan that log N/0 for BGDs 

with 12 + log 0/H ^ 7.60 lies in a narrow range, with a 
mean value of -1.60. 

In Fig. 13 we compare several heavy element-to-oxygen 
abundance ratios determined from the high- and low- 
resolution spectra for Tol 1214-277 (filled stars) and Tol 
65 (filled squares) with those derived for a sample of 93 
BGDs by Izotov & Thuan ifPU^ I^HMjl . Lipovetsky et al. 
(.1999) and Guseva et al. l|2Q03ll (open circles). The heavy 
element abundance ratios in Tol 1214-277 and Tol 65 are 
in general agreement with those derived for other very 
low-metallicity BGDs. 

Note the increasing trend of [0/Fe] with increasing 
12 + log 0/H (open symbols in Fig. [7f). The relatively 
low [0/Fe] in Tol 1214-277 and Tol 65 (filled symbols in 
Fig. |7f ) further supports that trend. Such a trend can be 
explained by a larger Fe depletion onto dust in galaxies 
with larger oxygen abundance. 
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Table 2. Corrected fluxes and equivalent widths of the emission lines in the high-resolution spectra of the brightest 
H II regions in Tol 1214-277 (slit #3) and Tol 65 (slit #6). 



Ao(A) Ion 




Tol 1214- 


-277 














Tol 65 
















region 


1 








regions 


1+2 










regions 3±4 








7(A)//(H/3) 


EW (A) 




i{\)/i{m 


EW (A) 




/(A)/7(H/3) 


EW (A) 


3704 


H16 


0.0153 


±0.0018 


2.0 


±0.2 




























3712 


H15 


0.0160 


±0.0017 


2.2 


±0.1 




























3727 


[O II] 


0.3584 


±0.0061 


47.8 


±0.4 


n 

u. 


.5561 


±0.0092 


97, 


.8 


±0.4 


0, 


.7865 


±0.0177 


37 


.2 


±1, 


.3 


3750 


H12 
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C(H/3) dex 
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0.065 ±0.019 










0.000 ±0.020 









F(H/3)'' 
£;W^(abs) A 



1.62 ±0.01 
0.0 ±0.2 



1.64 ±0.01 
5.9 ±0.2 



0.38 ±0.01 
1.3 ±0.6 



^in units 10 ^'^ erg s ^cm 
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Table 3. Corrected fluxes and equivalent widths of the emission lines in the low-resolution spectra of the brightest H 
II regions in Tol 1214-277 (slit #1). 
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3.2.2. Low-resolution spectra 

The heavy element abundances obtained from the low- 
resolution spectra, together with the adopted electron 
temperatures, electron number densities and ionization 
correction factors, are shown in Table El for region 1 in 
Tol 1214-277, observed in 1999 and 2000 at slit position 
#1, and regions 1 to 4 in Tol 65, observed in 1999 at slit 
position ^4. The oxygen abundance for region 1 in Tol 
1214-277 derived from the low-resolution observations is 
very similar to that obtained from the high-resolution ob- 



servations (TableO. The other heavy element abundances 
are also in good agreement. The oxygen abundance for 
regions 1 - 4 in Tol 65 derived from the low-resolution 
spectra is slightly lower than that found for regions 1-1-2 
and 3-1-4 from the high-resolution spectra. The agreement 
between other heavy element abundances is good. 

3.3. Helium abundance 

He emission-line strengths in the high- and low-resolution 
spectra of region 1 in Tol 1214-277 and regions 1-4 in Tol 
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Table 4. Corrected fluxes and equivalent widths of the emission lines in the low-resolution spectra of the brightest H 
II regions in Tol 65 (slit #4). 
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UOUO \KJ iJ 


A oOfi+O 001 
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6563 Ha 


2.749+0.043 


1807.0 


2.748+0.046 1173.0 


2.451+0.065 


194.9 


2.526+0.045 


560.8 


6583 [N II] 


0.013+O.QQl 


7.0 


0.024+0.004 


12.1 










6678 Hp i 


0.028+0.001 


19.6 


0.029+0.003 


13.0 






0.031+0.004 


7.5 


671 7 fS Til 


0.043+0.001 


30.5 


0.072+0.002 


31.2 


0.071+0.009 


6.1 






6731 [S ii] 


0.033+0.001 


23.8 


0.044+0.002 


19.4 


0.042+0.007 


3.7 






7065 He i 


0.034+0.001 


27.7 


0.027+0.002 


14.9 






0.027+0.004 


7.7 


7135 [Ar III] 


0.028+0.001 


24.2 


0.034+0.003 


19.0 






0.033+0.004 


9.5 


7281 He I 


0.006+0.001 


5.1 


0.008+0.003 


4.9 










C(H/3) dex 


0.045+0.019 


0.000+0.020 


0.000+0.030 


0.000+0.021 




1.79+0.01 


0.54+0.01 




0.12+0.01 




0.30+0.01 




£W(abs) A 


0.3+0. 


B 


0.0+1.2 




1.8+0.4 




0.0+0.5 





''in A. 

''in units 10^'^ erg s^'cm 



The main mechanisms causing deviations of the ob- 
served He I emission line fluxes from their theoretical val- 
ues are collisional and fluorescent enhancement. In order 
to correct for these effects, we have adopted the procedure, 
discussed in more detail in Izotov et al. (,1994. .1997aj) and 
Izotov & Thuan H1998|) . The singly ionized helium abun- 
dance y+ and He mass fraction Y is obtained for each of 
the three He I A4471, A5876 and A6678 lines. We then de- 
rive the weighted mean ?/"*" of these three determinations, 
the weight of each line being scaled to its intensity. The 
obtained ionic and total He abundances (j/"*", y"*"^, y) and 



65 are converted to singly ionized helium y+ = He+/H+ 
and doubly ionized helium y"*"^ = He+^/H+ abundances, 
using the theoretical He I recombination line emissivities 
by Smits ijTOMjl . 

The helium mass fraction was calculated as 

_ Ay[l - 20(O/H)] 
l + 4y ' 

where y = y'^ + y'^'^ is the number density of helium 
relative to hydrogen (Pagel et al. il992i) . 



Y. I. Izotov et al.: Deep VLT spectroscopy of Tol 1214-277 and Tol 65 



11 



Table 5. Physical conditions and element abundances derived from the high-resolution spectra of the brightest H ii 
regions of Tol 1214-277 (slit #3) and Tol 65 (slit #6). 





Tol 1214-277 


Tol 65 


Value 


region 1 


regions 1+2 regions 3+4 



T40 m)(K) 
re(0 II) (K) 
^^(S iii)(K) 
iVe(S ii)(cm-3) 
NeiBe II) (cm-^) 
r(A3889) 

0+/H+(xlO^) 
O+7H+(x105) 
O+VH+(x10'*) 
0/H(xlO^) 
12 + log(0/H) 



19970+250 
15680+180 
18280+210 
250+90 
70+40 
0.0 



17270+210 
14750+170 
16030+170 
190+50 
260+50 
0.0 



17720+460 
14920+370 
16400+390 
10+10 
20+10 
0.0 



0. 


,280+0, 


,009 


0.517+0, 


,018 


0.692+0, 


,048 


3. 


,041+0, 


,093 


2.943+0, 


,093 


2.560+0, 


,163 


2. 


,136+0, 


,105 


0.305+0, 


,036 


0.904+0, 


,136 


3. 


,534+0, 


,094 


3.490+0, 


,095 


3.343+0, 


,170 


7. 


,548+0, 


,012 


7.543+0, 


,012 


7.524+0, 


,022 



N+ /H+fxlO'^') 


644+0 032 


1 31 2+0 046 


1 603+0 1 27 




12.6 




4:.00 


log(N/0) 


-1.638+0.025 


-1.595+0.019 


-1.635+0.041 




U.4:OUZnU.U-L4; 






i V^X^ 1 IN c 1 


1 1 fi 


1 1 Q 


1 "^1 


log INK/ 


— n s4'H+n ni s 

u.o^oznu.u -Lo 


_n snn+n ni q 


_n 7cin+n n'^7 


O / 11 A lU J 




n onn+n oo'\ 
o.yo ( znu. u^o 


1 n7Q+n n4-Q 


Q + 2 /fl+(y-l0T\ 
O j 11 A lU j 


9 9'Hfi+n 1 fi4 


4 779+n 9^7 


c; si^n+n 7q4 


ICF(S)'' 


2.91 


1.88 


1.56 


log(S/0) 


-1.676+0.030 


-1.513+0.023 


-1.490+0.055 


C1+VH+(x10*) 


0.505+0.115 


0.691+0.121 




ICF(Cl)" 


1.85 


1.77 




log(Cl/0) 


-3.578+0.100 


-3.455+0.077 




Ar+VH+(xlO^) 


0.567+0.020 


0.908+0.028 


0.979+0.068 


Ar+VH+(xlO^) 


1.469+0.077 


0.671+0.067 


0.657+0.526 


ICF(Ar)" 


1.01 


1.02 


1.04 


log(Ar/0) 


-2.237+0.021 


-2.337+0.023 


-2.295+0.143 


Fe+VH+(xlO'') 


0.661+0.129 


1.027+0.149 


1.382+0.517 


ICF(Fe)" 


15.8 


8.44 


6.04 


log(Fe/0) 


-1.530+0.086 


-1.605+0.064 


-1.603+0.164 


[0/Fe] 


0.110+0.086 


0.185+0.064 


0.183+0.164 


He+/H+(A4471) 


0.0777+0.0027 


0.0717+0.0023 


0.0671+0.0072 


He+/H+(A5876) 


0.0769+0.0021 


0.0798+0.0018 


0.0803+0.0029 


He+/H+(A6678) 


0.0755+0.0024 


0.0774+0.0021 


0.0760+0.0051 


He+/H+(mean) 


0.0767+0.0014 


0.0768+0.0012 


0.0779+0.0024 


He+VH+(A4686) 


0.0049+0.0001 


0.0007+0.0001 


0.0021+0.0003 


He/H 


0.0816+0.0014 


0.0775+0.0012 


0.0800+0.0024 


Y 


0.2459+0.0043 


0.2365+0.0037 


0.2423+0.0075 



"ICF is the ionization correction factor. 



mass fractions (F) in Tol 1214-277 and Tol 65 are shown 
in Tables El and El In general, they are consistent with the 
He abundances found by Izotov et al. (2001a) from the 
Keck observations of both BCDs. They are also consistent 
with the primordial helium mass fraction = 0.244 - 
0.245 obtained by Izotov & Thuan (jl998;) and Izotov et 



al. H1H9H(I . An exception is the He mass fraction Y deter- 
mined from the high-resolution spectrum of regions 1+2 
in Tol 65, which is lower (Table EJ. However, at the 95% 
confidence level, it is consistent with other determinations 
of Y in Tol 65. 
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Table 6. Physical conditions and element abundances derived from the low-resolution spectra of the brightest H ii 
regions of Tol 1214-277 (slit #1) and Tol 65 (slit #4). 



Value 


Tol 1214-277 (region 1) 




Tol 65 




1999 


2000 


region 1 


region 2 


region 3 


region 4 


± iii J J 


19850±260 


19760±250 




18240+500 


19030+3260 


1 Q1 00+740 




15640±190 


15650±180 




15110+390 


15390+2460 


1 'i41 0+^fiO 


±e\^ 111 J ) 


18170±220 


18100±210 


1 79(sn+9i n 


16840+420 


17500+2700 


1 7'i'iO+(S1 




410±150 


220±90 


1 M-i 1 1 1 II 1 


10+10 


10+10 


1 0+10 


N^Ue II) (cm-^) 


10±1 


70±1 


220±50 


10+1 




10+3 


t(A3889) 


0.3 


0.0 


0.2 


0.2 




0.2 


O+/H+fxl0^") 


0.189±0.008 


0.224±0.009 


372±0 014 


0.579+0.043 


0.594+0.250 


491+0 051 

V./ • Tit/ _1 1 yj m\J\J A- 


O+VH+(x105) 


2.989±0.096 


3.067±0.095 


2.645±0.087 


2.276+0.150 


1.985+0.784 


2.407+0.217 


o+Vh+(xio'') 


2.181±0.119 


2.019±0.100 


0.214±0.031 






0.947+0.201 


n /Hi' V 1 n^"; 


3.397±0.097 


3.494±0.09d 


o.uoy^u.uoo 


2.855+0.156 


2.578+0.823 


9 QQ'^+n 994 


12 + lot?('0 /HI 


7.531±0.012 


7.543±0.012 


7 483+0 01 3 


7.456+0.024 


7.411+0.139 


7 476+0 032 


N+/H+(x10^) 


0.497±0.038 


0.672±0.048 


0.894±0.040 


1.786+0.213 








17.9 


15.6 


S 1 fi 

O. -LU 


4.93 








-1.581±0.035 


-1.524±0.033 


-1.620±0.023 


-1.511+0.057 






Ne+VH+(xlO'^) 


0.380±0.013 


0.426±0.014 


0.424±0.015 


0.361+0.026 


0.362+0.147 


0.393+0.038 


TPFI'Np")'* 

-LV_^J7 \^iN e^ 


1.14 


1.14 


1 1 

J — LlJ 


1.25 


1.30 


1.24 




-0.895±0.019 


-0.857±0.019 




-0.800+0.040 


-0.739+0.225 


-0 7S7+0 0^"^ 


ci+Vh+(xio**) 






0.857±0.144 








ICF(Cl)'' 






1.91 














_Q 97n+n 074 








Ar+^ /H+Cxin'"> 


0.595±0.027 


0.583±0.020 


798+0 099 


1.007+0.081 




933+0 1 1 6 


Ar+VH+(xlO^) 


1.789±0.109 


1.618±0.086 


0.622+0.095 








ICF(Ar)=' 


1.01 


1.01 


1.01 


1.89 




2.11 




-2.152±0.023 


-2.198±0.021 




-2.176+0.042 




-9 1 89+0 Ofi^ 


Fe+^ /H+Cxin''"! 




0.692±0.012 


798+0 1 84 












19.5 


10.2 












-1.381±0.073 


-1 fi'^Q+n 1 1 








fO /FpI 




-0.006±0.074 


1 99+0 1 1 1 








He+/H+(A4471) 


0.0726±0.0032 


0.0783±0.0031 


0.0742+0.0029 


0.0816+0.0086 




0.0481+0.0119 


He+/H+(A5876) 


0.0768±0.0015 


0.0788±0.0014 


0.0805+0.0015 


0.0827+0.0026 




0.0810+0.0035 


He+/H+(A6678) 


0.0768±0.0027 


0.0788±0.0024 


0.0806+0.0026 


0.0854+0.0076 




0.0943+0.0122 


He+/H+(mean) 


0.0762±0.0012 


0.0787±0.0011 


0.0795+0.0012 


0.0829+0.0023 




0.0795+0.0033 


He+VH+(A4686) 


0.0053±0.0001 


0.0049±0.0001 


0.0006+0.0001 






0.0031+0.0005 


He/H 


0.0815±0.0012 


0.0836±0.0012 


0.0801+0.0012 


0.0829+0.0023 




0.0826+0.0033 


y 


0.2457±0.0038 


0.2504±0.0036 


0.2425+0.0036 


0.2488+0.0072 




0.2482+0.0102 



"ICF is the ionization correction factor. 



4. High-ionization emission lines in Tol 1214-277 

Several emission lines of the high-ionization ions are de- 
tected in the high-resolution spectrum of Tol 1214-277 
(Table El Fig. EJ. The presence of these lines implies the 
existence of a substantial ionizing radiation field with A 
^ 228A (equivalent to photon energies ^ 4 Ryd) in the 
brightest H II region 1. In addition to confirming the find- 
ings of previous papers such as [Fe v] A4227 and strong 
He II A4686 emission, we detect here also emission lines of 
Ne IV (the ionization potential of Ne"'"'^ is 4.664 Ryd), Fe 
VI (the ionization potential of Fe"*"^ is 5.513 Ryd) and Fe 



VII (the ionization potential of Fe+^ is 7.281 Ryd). The 
large difference in the ionization potentials of these differ- 
ent ions allows in principle to determine the slope of the 
hard radiation spectrum. 

To constrain the nature of the hard ionizing radia- 
tion in Tol 1214-277, we compare our observations with 
a spherically symmetric ionization-bounded H ii region 
model calculated with the CLOUDY94 code (Ferland 
,1996. Ferland et al. 1998) for the physical conditions of 
the brightest H ii region. The input parameters are the 
element abundances from Tableland the flux of ionizing 
photons Qh (in s^^) at A912A as determined from the H/3 
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Fig. 8. Spectra of the emission-line galaxies in the fields of Tol 1214-277 (left panel) and Tol 65 (right panel). The 
emission lines are labeled. The spectrum of the galaxy gl is contaminated by the emission lines of Tol 1214-277. All 
galaxies except for the galaxy 172 (b) are background galaxies. The galaxies Tol 1214-277 and g2 have the same redshift 
and are likely physically related. 



Table 7. Coordinates of the emission-line galaxies in the 
fields of Tol 1214-277 and Tol 65. 



Name q(J2000.0) g(J2000.0) 



Tol 1214-277" 


12*^ 


17'"17ri 


-28°02'33" 


Pl 


12 


17 


17.0 


-28 02 27 


52 


12 


17 


15.5 


-28 02 49 


53 


12 


17 


14.0 


-28 02 53 


ff4 


12 


17 


25.0 


-28 00 17 


Tol 65" 


12 


25 


46.9 


-36 14 01 


55 


12 


25 


45.6 


-36 14 13 


S6 


12 


25 


51.5 


-36 13 12 


57 


12 


25 


59.1 


-36 16 05 


ff8 


12 


25 


42.9 


-36 13 24 



" Coordinates of the brightest region 1. 



emission line luminosity L(H/3). Because the spectrum of 
Tol 1214-277 is not properly flux-calibrated, we adopt log 
Qh = 52.7 from Izotov et al. (20041 . As source of ionizing 
radiation, we chose to use the hottest CoStar stellar atmo- 
sphere model Fl, with a heavy element mass fraction Z = 
0.004 (Z0/5) (the lowest Z available for the CoStar mod- 
els) and an effective temperature Toff — 54000K (Schaerer 
& de Koter 11997(1 . This model predicts harder radiation 
for A ^ 228 A as compared to Kurucz l)1979|l 's stellar at- 
mosphere models. 



The model predicts the He 11 A4686 flux and the [Ne 
iv] A4725/[Nc ill] A3868 flux ratio to be respectively 
50 and ~ 200 times lower than the ones observed. As for 
the high-ionization iron lines, the model predicts flux ra- 
tios [Fe vi] A5146/[Fe iii] A4658 and [Fe vii] A6087/[Fe iii] 
A4658 respectively ~ 500 and ~ 10^ times lower than the 
ones observed. The disagreement between predicted and 
observed emission line fluxes increases for ions of higher 
ionization degree. This implies that the spectrum of hard 
radiation for energies > 4 Ryd in Tol 1214-277 increases 
more steeply at higher energies, as compared to the pre- 
dictions of the CoStar models. The disagreement between 
the observed and predicted fluxes and flux ratios is not 
likely to diminish signiflcantly if models with the lower 
Tol 1214-277 ionized gas metalhcity are used, because 
log Qho+ /Qh is nearly constant for main-sequence stellar 
population models with Z ^ Zq/50 (Schaerer 2002, 20fl3). 
Here Qho+ is the flux of ionizing photons with A < 228A 
(> 4 Ryd). In principle, it is possible to reproduce the ob- 
served He II A4686 and [Ne iv] A4725 emission line fluxes 
by assuming that the massive stars in the ionizing cluster 
of Tol 1214-277 have the very low metallicity, oi Z < lO""^. 
However, the predicted equivalent widths of H/3 and Lya 
emission lines in such models (Schaerer 2002, 2003) are 
several times larger than those observed (Table |2 Thuan 
& Izotov 1997). Furthermore, these models cannot repro- 
duce the observed fluxes of [Fe vi] and [Fe Vii] emission 



14 



Y. I. Izotov et al.: Deep VLT spectroscopy of Tol 1214-277 and Tol 65 



-1.0 

-1.2 
-1.4 
-1.6 

-0.4 
-0.6 
-O.B 
-1.0 
-1.2 
-1.4 
-1.6 
-1.8 
-3.0 
-3.Z 
-3.4 
-3.6 
-2.0 
-2.2 
-2.4 
-2.6 



(a) - 



o o 



0° oo :-**<8o°#^r^ 

, , 1 , ° 



(b) 



■ oO o 

O (g o 



(c) - 



(d) 



]0 <9 o 



£P-k. * ° ° 0°° o <s.° 



o o 



7.2 7.4 



12 + log 0/H 



Fig. 7. Abundance ratios in Tol 1214-277 (stars) and Tol 
65 (squares) as a function of oxygen abundance 12-1- log 
0/H: (a) N/0; (b) Ne/0; (c) S/0; (d) Cl/0; (e) Ar/0; 
(f) [0/Fe] = log(0/Fe) - log(0/Fe)Q, where log(O/Fe)0 
= -1.42 (Anders & Grevesse nSSHl ■ Open circles are the 
data from Izotov & Thuan H1999IIW)^ . Lipovetsky et al. 
1(1^^ and Guseva et al. ((2003). 



lines. This suggests that an additional compact source of 
X-ray emission is likely to be present in the brightest H 
II region of Tol 1214-277. Fast shocks with velocities of 
~ 400 - 500 km s'^ (Dopita & Sutherland HM^ would 
reproduce both the He ii and Fe vii emission. High mass 
X-ray binary systems are also possible sources of X-ray 
emission. 

We now estimate the X-ray luminosity needed to ac- 
count for the high-ionization lines. Using the value of Qn 
derived from the observations, we scale the spectral energy 
distribution of stellar atmosphere model Fl to fit the line 
fluxes of the low- ionization ions. Adopting a multiplica- 
tive factor of 10^, required to bring the ionizing radiation 
fluxes at A lOOA (-7-8 Ryd) of the CoStar models to 
the level of the observed fluxes of the Fe vii ions, we find 
that the X-ray luminosity of the ionizing cluster should be 
as high as 10^^ - 10''*' erg s^'^, in agreement with the con- 
clusions of Izotov et al. H2004|l who discovered unusually 
strong [Ne v] A3426 emission in the spectrum of Tol 1214- 
277. We note also that Thuan et al. pM|l using Chandra 
observations have found in the two most metal-deficient 
BCDs known, I Zw 18 and SBS 0335-052, X-ray point 
sources with 0.5 - 10 Kev luminosities in the range 1.3 - 



Table 8. Parameters of the emission lines in the spectra 
of galaxies in the fields of Tol 1214-277 and Tol 65. 



Ao(A) Ion 


Aobs(A) 


F(A)" 


EW{A) 






gl (slit #3) 






3727 [O ll] 


4585.2±0.1 


12.5±0.7 


52 ± 3 


0.2303 


4340 H7 


5338.2±0.3 


1.7±0.3 


7 ± 1 


0.2299 


4861 H/3 


5979.4±0.2 


4.3±0.5 


18 ± 2 


0.2299 


4959 [0 III] 


6100.5±0.7 


2.0±0.8 


6 ± 2 


0.2302 


5007 [O III] 


6159.6±0.4 


5.1±1.1 


15 ± 3 


0.2302 




52 (slit #2) 






5007 [0 III] 


5137.0±0.9 


1.9±0.5 


20 ± 5 


0.0260 


6563 Hq 


6732.5±0.8 


2.3±0.5 


43 ±10 


0.0259 




g3 (slit #2) 






3727 [0 11] 


5999.0±0.4 


12.2±1.0 


47 ± 4 


0.6096 


4861 H/3 


7821.1±Q.4 


6.7±0.8 


26 ± 3 


0.6088 




ff4 (slit #1) 






3727 [0 11] 


6421.8±1.0 


8.4±1.7 


34 ± 7 


0.7231 




g5 (slit #5) 






3727 fO III 


4105.7±1.0 


10.6±1.6 


51 ± 8 


0.1016 


4861 H/3 


5350.1±1.1 


1.2±0.6 


4 ± 2 


0.1005 


4959 [0 III] 


5463.2±2.6 


3.3±1.2 


13 ± 5 


0.1017 


5007 [O III] 


5515.9±0.9 


3.9±0.9 


15 ± 4 


0.1017 


6563 Hq 


7228.5±0.4 


9.9±1.0 


118 ±12 


0.1014 




56 (slit #5) 






3727 [0 11] 


4942.4±0.2 


107.7±3.6 


27 ± 1 


0.3261 


4861 H/3 


6445.4±0.4 


34.4±3.2 


7 ± 1 


0.3258 


5007 [0 III] 


6637.2±0.5 


34.5±2.9 


7 ± 1 


0.3256 




97 (slit #6) 






3727 fO III 


5304.7±0.7 


6.0±0.9 


65 ± 12 


0.4233 


4861 H/3 


6917.4±0.8 


1.9±0.6 


47 ± 22 


0.4229 


4959 [0 III] 


7056.0±0.8 


1.6±0.8 


50 ± 17 


0.4229 


5007 [O III] 


7124.0±0.4 


3.6±0.7 


230 ± 17 


0.4229 




gi 


i (slit #6) 






3727 [0 11] 


4762.0±0.5 


4.7±0.7 


52 ± 9 


0.2777 


4861 H/3 


6210.1±1.9 


1.0±0.6 


18 ± 11 


0.2775 


4959 [0 III] 


6334.0±1.5 


1.2±0.6 


28 ± 14 


0.2773 


5007 [0 III] 


6395.2±0.7 


2.4±0.8 


33 ± 10 


0.2773 


"in units 10" 


17 — 1 — 
erg s cm 


2 







'' redshift. 

8.5 X 10'^^ erg s^'^, just the range of X-ray luminosities 
predicted by our scaling argument. 

5. Emission-line galaxies in the fields of Tol 
1214-277 and Tol 65 

One of the aims of this study was the search for emission- 
line companion galaxies of Tol 1214-277 and Tol 65. For 
this we use spectroscopic observations with different slit 
orientations (slits #1 - #6 in Tableland Fig.^, chosen 
to go through extended sources with irregular morphology 
and/or blue colour, as seen on deep VLT images of the 
fields around Tol 1214-277 and Tol 65 (Fricke et aL OUUTl 
Papaderos et al. ll999|l . 

We found in total four emission-line galaxies in the 
field of Tol 1214-277 and four emission-line galaxies in the 
field of Tol 65. These galaxies are labeled in Fig. ^ and 
their equatorial coordinates at epoch J2000.0 are given in 
Table 13 along with the coordinates of Tol 1214-277 and 
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Tol 65. Note that the galaxies g2 and gi correspond to the 
galaxies Gi and G3 discussed by Fricke et al. iPOOl ), and 
the galaxy ^5 corresponds to the galaxy G\ in Papaderos 
et al. ifTO^ . 

The spectra of the emission-line galaxies in the fields 
of Tol 1214-277 and Tol 65 are shown respectively in the 
left and right panels of Fig. IS] In each spectrum, except 
for that of galaxy ^4 (Fig.|Sli), several emission lines are 
detected, most often the [O 11] A3727, H/3 A4861, [O iii] 
A4959, A5007 lines. In the spectrum of ^4, only one emis- 
sion hne is present. We identify the line to be [O 11] A3727, 
as the continuum longward of this emission line increases, 
as seen in the spectra of several other galaxies in Fig. [S] 
Note also that the spectrum of g\ is contaminated by the 
emission lines of Tol YlXAr-TJl . 

In Table ISl we show the rest- frame and observed wave- 
lengths, fluxes and equivalent widths of the lines in the 
emission-line galaxies, and redshifts, derived for each line. 
Note that, despite the noisy spectra, the redshifts derived 
from different emission lines in the same galaxy are in very 
good agreement. 

All emission-line galaxies in the fields of Tol 1214-277 
and Tol 65 except for galaxy (;2, are more distant back- 
ground galaxies with redshifts ranging from ~ 0.1 to ~ 
0.7. In particular galaxy gh, suggested by Papaderos et al. 
P999|l to be a low-surface-brightness companion galaxy of 
Tol 65, is in fact a background galaxy. 

The only companion galaxy to Tol 1214-277 is g2. Its 
spectrum is characterized by a flux increase to the blue 
and two weak emission lines, [O ill] A5007 and Ha, with 
the same redshift as Tol 1214-277. The projected linear 
distance between Tol 1214-277 and g2 is 14.5 kpc. 

Tol Vl\Ar-Tn is not unique among the most metal- 
deficient BCDs in having a companion galaxy. Such com- 
panions are also seen for other very metal-deficient BCDs 
such as SBS 0335-052 (Pustilnik et al. [TMTfl and HS 
0822-^3542 (Pustilnik et al. 20Q3j at projected distances 
of ~ 22 kpc and ~ 11 kpc, respectively. VLA 21 cm obser- 
vations of SBS 0335-052 (Pustilnik et al. lMIHl reveal that 
the BCD and its companion are embedded in a large cloud 
of neutral gas implying a common origin. It would be in- 
teresting to carry out such H i VLA observations for Tol 
1214-277 to check whether the BCD and its companion 
galaxy are also part of the same system. 

6. Conclusions 

Our main conclusions from the VLT spectroscopic study 
of the blue compact dwarf (BCD) galaxies Tol 1214-277 
and Tol 65 and the fields around these galaxies may be 
summarized as follows: 

1. The oxygen abundances 12-1- log 0/H in the bright- 
est regions of Tol 1214-277 and Tol 65 derived from high- 
resolution spectra are, respectively, 7.55 ± 0.01 and 7.54 ± 
0.01, or ~ Zq /24. These values are in good agreement with 
previous determinations by Fricke et al. H2001|l and Izotov 
et al. H2001a|l . The high spectral resolution allows to sep- 
arate the [N 11] A6583 emission line from the strong Ha 



emission line and reliably determine the nitrogen abun- 
dance. We find log N/0 = -1.64 ± 0.03 and -1.60 ± 0.02 
respectively, in agreement with previous determinations 
by Izotov et al. H2001a|l . and consistent with the mean 
value of log N/0 = -1.60 obtained by Izotov & Thuan 
(|T^) for very metal-deficient BCDs with 12 + log 0/H 
< 7.6. 

2. The He mass fraction derived for several regions 
in Tol 1214-277 and Tol 65 is in the range Y = 0.242 
- 0.250, consistent with the values obtained by Izotov et 
al. l|2UUla|l for both galaxies, and with the primordial He 
mass fraction Fp = 0.244 - 0.245 obtained by Izotov & 
Thuan l(TM5ll2iM|l and Izotov et al. l(TM^ . An exception 
is the He mass fraction Y — 0.237 derived for regions 1 -|- 
2 in Tol 65 because of likely contamination by underlying 
stellar He i absorption. However, at the 95% confidence 
level, this value is consistent with other determinations of 
the He abundance in Tol 65. 

3. Strong He 11 A4686 emission, with an intensity as 
high as 5% of that of the H/3 emission line, and the high 
ionization line [Fe v] A4227 are seen in the spectrum of 
Tol 1214-277, confirming previous findings by Fricke et al. 
H2001(l and Izotov et al. ( 2001a). Additionally, weak [Ne iv] 
A4725, [Fe vi] A5146, A5177, [Fe vii] A5721, A6087 emission 
lines are detected. This implies the presence of intense X- 
ray emission in Tol 1214-277. In particular, to produce 
the observed [Fe vii] emission line fluxes and assuming 
that the X-ray sources are located in the compact region, 
the X-ray luminosity of the brightest H 11 region in Tol 
1214-277 should be as high as lO^^ - 10''° erg s'^ 

4. We find four emission-line galaxies in the field of 
Tol 1214-277, and four emission-line galaxies in the field 
of Tol 65. Seven of these galaxies are background star- 
forming galaxies with redshifts in the range 0.1 - 0.7. One 
emission-line galaxy in the field of Tol 1214-277 has the 
same redshift as the BCD and is likely a companion galaxy 
at a projected distance of ~ 14.5 kpc. 
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